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An Illumination of the Roles of Hands-On Activities,
Discussion, Text Reading, and Writing in Constructing Biology
Knowledge in Seventh Grade

Carolyn S. Wallace
The University of Georgia

A previous study (Wallace, Yang, Hand, & Hohenshell, 2001) indicated that seventh-grade life
science students using a learning tool known as the Science Writing Heuristic (SWH) performed
significantly better on conceptual test questions than did a control group. In the present study, the
researcher studied more deeply how students utilized a variety of knowledge sources while
engaged in the SWH, including textbook, teacher-led discussions, laboratory activities, peer group
discussion, and writing (including their cognitive mechanisms and the nature of their written
explanations). Six case students were selected based on a range of high to low achievement
according to grades. An interpretive analysis of interview and document data was conducted. Of
the 6 students, 3 relied on firsthand observations from laboratory activities as their major source
of understanding; these students used listening, explaining, and writing most frequently. One
student relied solely on textbook and teacher statements and actively rejected laboratory
observations, relying primarily on reading and synthesis. Two students integrated laboratory
observations with canonical information found in the textbook and other reading sources. They
were able to bridge between the different epistemological bases for firsthand observations and
authoritative text and blended these into rich and detailed explanations for biology concepts.

Scholars interested in writing to learn in science
have been pursuing parallel pathstoward understand-
ing the cognitive and metacognitive mechanisms in-
volvedinthelearning process. In onepath, researchers
haveidentified hypothesesto explainlearning through
writing and are testing these hypotheses to support or
disconfirm the importance of various psychological
mechanisms (Galbraith,1992; Klein, 1999; Wallace,
2000). Within a second pathway, researchers are
engaged in classroom work to investigate strategies
that areefficaciousfor producing enhanced conceptual
knowledgeand natureof scienceunderstandings(Keys,
Hand, Prain, & Collins, 1999; Mason & Buscol o, 2000;
Rivard & Straw, 2000; Wallace, Yang, Hand, &
Hohenshell, 2001). Taken together, these research
effortsarebringing uscloser to an understanding of (a)
the cognitive and metacognitive mechanismsof |earn-
ing science through writing; (b) the way instructional
tasks and environmental conditions influence these
mechanisms; and (c) theway productive writing tasks
and conditions can be implemented in the science
classroom.

The current paper examines the links among stu-
dents’ sources of conceptual knowledge, mechanisms

for making meaning of conceptual knowledge; and the
nature of students’ written explanations. The research
takes place in the context of instruction using the
Science Writing Heuristic (SWH; Keys et al., 1999).
The SWH isatool for generating teacher and student
activitiestopromoteunderstanding of |aboratory through
socia constructivist means. Previous research by the
authors (Wallace et a., 2001) indicated that seventh-
grade studentsusing the SWH performed significantly
better on multiplechoiceand essay testsfor conceptual
understanding than those not using the SWH. The
purpose of the current study was to probe seventh-
gradestudents’ thinkingtodeterminemorespecifically
thecognitiveand metacognitivemechani smsoperating
whileengagedinvariousknowledgenegotiationactivi-
ties of the SWH. The research questions included (a)
What sources of knowledge were most useful to
students in creating biology explanations? (b)Which
cognitive mechanismsdid studentsidentify ashelping
them construct biology understanding? (c) How do
students’” written biology explanationsfit the evidence
from students about their own learning?

A complete description of the SWH, the criteria
used for its creation, and an explanation of the
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psychological and epistemological frameworks,
underlying it, may be found in Keyset al. (1999) and
Keys(2000). Briefly, the SWH isaheuristic guideline
designed to promote the negotiation of meaning for
laboratory activities. Itisadevicesimilarin someways
to Gowin’'sVeeheuristic (Novak & Gowin, 1984), but
differsin that it includes activities for the teacher and
emphasi zes the production of ideasin verbal symbols
both in talk and writing. The SWH is designed to be
flexible, sothat theteacher may adjust it tofit thelocal
classroom situation. An outline of the SWH may be
found in the appendix. It contains both teacher and
student templ ates.

The SWH suggests to the teacher that concept
mapping, questionbrai nstorming, persona writing, group
writing, and group discussion may accompany labora-
tory activities. To students, it suggests that a careful
consideration of their authentic questions, their lab
procedures, their observations, their claims, and their
evidence will help them understand the laboratory
material. It additionally asks students to reflect in
writing on how their laboratory findingscomparewith
authoritative information (such as that found in their
textbook) and on what they have learned from the
experience. In the current study, the teacher involved
thestudentsin all theteacher template activitiesand used
the student template as a basis for individualy written
laboratory reports at the close of theinvestigation.

Because the SWH asks students to compare their
own lab findings with authoritative information in the
textbook, it implies that students should attempt to
compare and contrast these multiple sources of infor-
mation. These two sources of knowledge (e.g., first-
hand observations and textbook statements) represent
very different epistemol ogical origins. Firsthand obser-
vationsaresingul ar and personal and can beinterpreted
only throughthelensof theory (Millar, 1998). Textbook
information represents produced bodiesof knowledge
validated by the scientific community over time. Epis-
temological origin is just one way these sources of
knowledgediffer. Another isthetypeof discourseused
around them. Children may talk about their hands-on
activities using informal language (M. Templin, per-
sonal communication, January 2002). Through the
SWH, they arelearning to mold their informal speech
into slightly more canonical forms, as when they are
asked to make claims and evidence. The style of
discourse used in textbooks is unique to science, sys-
tematic, stylized, and notoriously difficult for students
tonegotiate(Halliday & Martin, 1993). Thus, onegoal
of thisstudy wasto investigate how children interpret
this seemingly difficult task of comparing their own

firsthand observationstoauthoritativeinformation. This
isapoint to whichwehad not previously paid attention
in the SWH and is one that may greatly affect its
efficacy.

Althoughmany studiesof writingtolearninscience
have been conducted in the past (Rivard, 1994), only
recently have specificfactorscontributing toimproved
conceptual understanding or written science explana-
tionsbeeninvestigated. Masonand Buscol0(1998), for
example, foundthat fourth-grade studentsin an experi-
mental writing group reached scientifically acceptable
understandings of the targeted conceptsfor photosyn-
thesis and more advanced awareness of their own
cognitive and metacognitive strategies. The writing
group a sodemonstrated anincreased understanding of
the power of writing itself for exploring science con-
cepts. Klein (2000) found that the following factors
contributed significantly toimproved written explana-
tionsfor upper elementary students engaged in hands-
onactivities: () searchingtext, (b) searchinginformation
from experiments, and (c) brainstorming ideas. His
results indicate that there are no interactions among
thesefactors; eachisaunique strategy that contributes
independently to the writing process. Thus, rigorous
research studiesindicatethat writing doescontributeto
conceptual understanding and that searching for infor-
mation (seeking evidence) and brainstorming are im-
portant factors for improved written explanations.

Over the last two decades, researchers have be-
come increasingly interested in the interplay between
science conceptual learning and avariety of affective
and cognitivefactors, including persond learning frame-
works(Hogan, 1999), learning beliefs, and epi stemol o-
gies (Edmondson & Novak, 1993; Tsai, 1998, 1999).
These researchers posited that students with a more
traditional view of science, regarding scienceasabody
of knowledgeto bediscovered by empirica means, will
also have more rote strategies for learning science,
including memorization and problem practice. Those
with a more constructivist epistemology, regarding
scienceasacreativeor invented endeavor that changes
over time, will use learning strategies such as making
connections, imagining an experiment, explaining, etc.
It is further posited that those with a constructivist
epistemol ogy andlearning beliefswill bemoresuccess-
ful with meaningful learning (Edmonson & Novak,
1993; Tsai, 1998) and, therefore, morereadily buildtheir
conceptual knowledge bases. In the current study,
student beliefs about the nature of science were not
investigated, nor werethe students questioned directly
ontheir epistemol ogies. However, intheinterviews, the
studentswere probed on what they believed weretheir

Volume 104(2), February 2004

71



72

[llumination of Roles

most salient sourcesof knowledgewhileengagedinthe
SWH activities and what cognitive and metacognitive
mechanisms they used in negotiating understanding.
Through data analysis, some idea of the students
learning beliefswere captured, aswell astheir personal
epistemol ogiesfor learning scienceduring SWH activi-
ties. These personal epistemologies were then related
to the nature of their learning, as evidenced in written
explanationsabout diffusion and osmosis.

M ethods

The study took place in the context of a seventh-
grade life science class taught by one teacher in a
Midwestern, suburban middle school. Data were col -
lected during two units, oneon microorganismsandone
on cells. Only data on cells are reported on here. An
interpretive research approach was used, because the
researcher was interested in understanding science
learning from the point of view of the learners. A
sample of 10 target students was chosen by the class-
roomteacher for in-depth study, based onthecriteriaof
willingness to volunteer, balanced gender representa-
tion, and arangeof scienceachievement asindicated by
course grades. Five male and 5 female students were
interviewed. One student was Asian American; 1 was
Latino. The remaining 8 students were Caucasian.
Fromthecorpusof datafor all 10 students, datasetsfor
6 studentswere analyzed completely. Further analysis
revealed no new emergent patterns. Thesesix datafiles
were chosen based on balanced gender, balanced high,
average, and low achievement, and a variety of emer-
gent learning strategiesrepresented. The 6 participants
included MF (ahigh achieving Latino female), AB (an
averageachieving Whitefemale), CW (alow achieving
Whitefemale), IM (ahigh achieving Whitemale), AS
(anaverageachieving Asian-Americanmale), and MR
(alow achieving White male).

Data sources included semistructured interviews
with the students and documents, including students
SWH lab reports, letter writing activity, and pre- and
posttest conceptual (essay) questions. The interviews
took place in the media center during class time. The
researcher interviewed each child individually. The
purpose of the interview was to determine from the
participants' point of view (a) which activities were
most hel pful inlearning biology duringthe SWH (e. g.,
peer discussion, all classdiscussion, textbook reading,
hands-on activities, SWH template writing, and letter
writing); (b) how students went about the tasks of
composing questions, knowledgeclaims, explanations,
and evidencewhen writing; (c) how variousfeaturesof

theletter writing activity interacted with learning; and
(d) how students would approach a novel biology
problem. Interviewswere audiotaped and transcribed.

Written document data were also collected for
each participant including pre and post biology tests,
SWH lab report sheets, and written | etters. For each of
thesedocuments, sectionsdealingwith asingletopic—
diffusion and osmosis through the cell membrane—
were targeted. This topic was chosen because anec-
dotal evidence indicated a wide range in children’s
written explanations of these phenomena. All docu-
ments were photocopied and kept in aseparatefilefor
each student with their interview data.

The datain written form were coded according to
threedimensionsof analysis: (a) sourcesof knowledge
(interview transcripts, SWH reports, and posttest es-
says); (b) mechanisms for increased understanding
(interview transcripts); (c) correctness and incorrect-
nessof biology explanations(SWH reportsand posttests),
and (d) personal epistemol ogies (voice) representedin
biol ogy explanations(SWH reports, | etters, and posttest
essays). The most frequent codes for each student
were summarized. A datamatrix asdescribed in Miles
& Huberman (1994) was used to compare and contrast
students' learning. Memosdescribingthebiology learn-
ing of each student were written. Through memo
writing, assertionsconcerning thepersonal epistemolo-
gies (how the students learned) were created. The
student profileswerethen grouped according to episte-
mological styleleadingtoreport writing.

Results and Discussion

The Firsthand Observers
Three of 6 studentsreveal ed through their sources

of knowledge, cognitive mechanisms, and nature of
science explanations that they learned through their
own senses. The three students included CW, MR
(femaleand male, respectively, low achieving) and AS
(male, average achieving). These 3 students most
frequently cited hands-onwork inthelaboratory astheir
source of knowledge. All 3also cited thewriting of the
SWH lab report as an important source of knowledge.
CW cited the textbook as a third source, MR cited
small-group discussion asathird source, and AS cited
full-classdiscussionand prior knowledgeasthird sources.
Theimportanceof hands-onexperiencesfor learningwas
expressed by AS asfollows (R stands for Researcher):
R How do hands-on activities help you learn?
AS  Becauseyouactually seeit, butlikewhenit’sin

a book, it's a little bit different. When you

actually seeit, it's more permanent.
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[Several interchanges later.]

R: How do you come up with your claims when

you' re doing the SWH report?

Well, based on what you observed, like what

happened. Y ou can kind of see what happens.

Actually seewhat . . . you observe, like stuff...

it just sort of adds up and leads to this.
Thefirsthand observersall talked about theimpor-
tance of actually seeing the phenomenaas asource of
understanding. As AS described, “It's more perma
nent.” Thecognitivemechanismsmost frequently used
by thisgroup of studentsincluded observation, hearing
the opinionsof peers, and explaining. For CW and MR
these were the only cognitive mechanisms coded. For
AS some statements were also coded as synthesis/
reflectionand questioning. Thisgroup of studentsrelied
ontheir own observationsof phenomenawhenwriting
explanations, claims, and evidence. They alsofelt that
the cognitive act of explaining, as when writing the
SWH, report was helpful:

AS

R: Whichclassactivitiesdoyouthink arethemost
helpful for you to come to understand the
information?

MR: The SWH’sbecausejust likethe papersare, it,

like, makes us rethink everything we did...It
makesusrethink everythingthat we' velearned
and putitintoour ownwords. Just putitintoour
own words.

The data indicate that, although the firsthand ob-
servers were considered low and average achieving
studentsby traditional standards(theconceptual posttest
andteacher evaluation), they wereboth cognitively and
metacognitively active during class activities. Many
statements made during the interviews support this
claim. For example, MR demonstrated a solid under-
standing of thedistinction between claimsand evidence
in science, asserting that a claim is “what you think
happened” and evidence will “back up your claim”:

R: If you had to define claim, what would you say
itis?

What happened in your own words. What do
you think happened?

R: Pretty good. If youhadtodefineevidence, what
would you say evidenceis?

Just back up your claim. Describe why you
think so. Why, why doesit do that?

R: Okay. Isit hard for you to separate claims and
evidence?

Not really, cause they're two different ques-
tions. And evidence is why you think or what
makesyouthinkthisis...claimiswhat youthink
happened.

MR:

MR:

MR:

Although MR exhibited a strong understanding of
claim and evidence, CW exhibited contemplation and
cognitivedissonanceregarding discrepanciesbetween
her firsthand observationsandinformation presentedin
thetextbook:

R: Y ou mentioned the SWH writing is confusing
sometimes. Why do you think that writing the
SWH issometimeskind of difficult?

Because sometimesyour opinionand thebook,
it's, it' sdifferent and so you don’ t know which
oneisright. And soit...that frustratesme, cause
| don’t know which onetowritedown or stuff...
[A coupleof interchanges|ater, she elaborated
further]

Sometimesit’s...likeif youdiditwrong, you get
the wrong answer or you get the wrong lab
things. | don’t know. | don’t know why you get
likewronginfoor stuff. Like, fromthelabsand
then compared to the book, they’re different.
Maybethey...maybetheir [textbook scientists]
lensesor something arestronger than our lenses
from the microscope. So when we do the lab
activities, they’ redifferent. Theirsarestronger,
so theirsare, like, more right than ours.

CW’spersonal epistemology reflected an orienta-
tiontoward*“ believing” firsthand observations. Thatis,
she reflected what science educators might call a
positivistic stancetoward drawing conclusionsdirectly
from data. Her explanation for the discrepancy be-
tween her labfindingsandthetextbook explanationwas
that the textbook authors must have more powerful
microscopes. She was disturbed by this discrepancy,
and trying to determine which source of knowledge to
use frustrated her. Her written explanations indicated
that shechosetorely onher own observations, although
she believed that the textbook may be more accurate.

The data indicated that MR, CW, and AS had
personal epistemologiesthat relied on firsthand obser-
vation of data (a naive understanding of the nature of
science). Thishypothesiswasfurther exploredintheir
written explanations. Analysis of these explanations
revealed that the 3 students advanced evidence prima:
rily limited to what they had directly observed in
laboratory. They did not attempt tointegratetextbook or
full-classexplanationsfor diffusion/osmosisinto their
SWH reports.

Written explanations for these phenomenafor the
letter writing and posttest essay questions were either
absent or unelaborated. Claims and explanationsfor a
salt and sugar lab with Elodeafor MR and CW follow:

| think that the reason that the plant cellschangeis

because of the different kinds of water that | used

CW:
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to find out the information that | needed. It also
made some of the colors darker in some of the
spots, and it also made the cell wall somewhat
smaller too. | think my answer is right because
when we did the test it showed to me that salt and
sugar candoal ot of stuff toplant cellslikemovethe
cell wall and make the plant smaller (CW)
Thecell lost somewater whenwe put thesugar and
sdt in. When the cell loses water so does the
vacuole and the cell becomes skinny. The cell and
thevacuol eawayshavethe same amount of water
inthem. When you put drops[sic] sugar or salt on
theleaves, the cellsand vacuol es suck up asmuch
water asthey can, but sincethedropsaren’t 100%
water, the cells don’'t get as much water as pos-
sible. When the cells are not full of water, neither
are the vacuoles, so the cellsgo limp (MR).
These two explanations are of a different nature,
but botharelimitedtofirsthand observationsand do not
draw ontextbook explanations. CW’ sclaimwaslimited
totheideasthat plant cells change when salt and sugar
water are added. Her evidence is adarkening in spots
andthecell wall becoming smaller. Shedid not attempt
to explain her observations based on the theories of
osmosis and diffusion. MR claimed that the cell lost
water when sugar and salt were added. His evidence
was that the cell becomes skinny, and he attempted to
explain this phenomenon by writing that cells and
vacuoles “suck up as much water as they can.” Since
these students did not integrate textbook knowledge
and relate their firsthand observations to osmosis and
diffusion canonical information, both received rather
low grades on their reports. CW reported only that
which she had directly observed. MR created an
explanation that most would describe as“incorrect” or
a “misconception,” although he clearly had a partial
understanding of why the “cells go limp.” These stu-
dentscreated explanationsthat matched their personal
epistemol ogiesof relying onfirsthand observations.

The Reader

One of the students, AB (female, average achiev-
ing), could be described asareader of biology knowl-
edge. AB wasuniqueamong theparticipants, inthat she
used only textbook information and full-class discus-
sionsasher sourcesof biology knowledge. Themajority
of her cognitive mechanism codes were synthesis/
reflection. AB depended on facts, concepts, principles,
and explanationsthat were authority based. Unlikethe
3firsthand observers, shedid not use hands-on experi-
encesor SWH report writing asasource of knowledge
building. Sheal sodid not usethecognitivemechanisms

of observing, hearing peers, or explaining. Inshort, AB
disregardedtheresultsof hands-onlaboratory activities
in building her biology explanations, a conscious,
metacognitive decision, according to her interview
data. Shewastheonly studentwhodislikedengagingin
the SWH activities.

AB asserted that she experienced a great deal of
cognitive dissonance when doing hands-on activities
and trying to relate them to authoritative information:
R: So when it came down to where you actually
had to write out aclaim, what did you do?

| just did the best | could. Like if it was for
structure, | could just put the three structures
and so that wasn’t too hard, because | mean
that’ s not contradicted anyway . . . But for the
cell one, the questionis, What processes allow
materialsto go in and out of thecell? And it's
hard because like | don’'t know what to put in.
Because if | just put the information from the
book and our classdiscussions, it’ sgoing to be
really short. Butif | putinformationfromthelab
work, it’ snotgoingto, it’ sabsol utely completely
irrelevant to the question.
R: Why isitirrelevant to the question?
Because like what we did iswe had salt water
and regular water and sugar water, and we
would test the plant cell and the cheek cell with
each and seg, like, how it responded. But, like,
if wedescribe, “Oh, the cell got bigger and was
more spread out, or the cell got small and more
compact,” that’ snot explaining anything about
the processes. It's just explaining what hap-
pened. And we don’'t know what processes
caused that — the cell to react to that kind of
material of those molecules.
R: But thereare processesdescribed inyour book.
Can you connect that with what you saw in the
lab?
| don’tknow. | could...| candoanexperiment,
but | can't make a direct comparison, cause |
don’t know which one [The researcher inter-
preted thisto mean which process, €. g., diffu-
sion, 0smosis, or active transport] was used for
each. Becausel don’ t know how thecell works,
becausewedon’t have microscopesthat would
focus in and out to actually show, like diffu-
sion— what’ sgoing on.
R: Well,whenyoulook atit, wouldthat beevidence?
It probably would be more like observation,
because al you're doing is observing what
happenedtothecell. Y oudon’treally haveany
evidence as to why it happened.”

AB:

AB:
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AB exhibited a sophisticated personal epistemol-
ogy that reflected an understanding that scientific
phenomenon cannot be directly explained from first-
hand observations. She posited that she could describe
her observations, “The cell got small and more com-
pact,” but she could not create an explanation, based
upon observations alone: “I can't make a direct com-
parison. Y ou don't really have any evidence asto why
it happened.” She did not consider what she observes
to be evidence to support the theoriesin the textbook.
She may have had the sense that since the explanation
was given in the textbook, there was little authentic
justification for doing the lab. The lab merely verified
authoritative information that is available elsewhere
and is already known to be correct. AB was more
comfortableusing authoritativetextbook informationas
a source of knowledge, perhaps because she felt that
waswhat wasultimately val ued onwritten assignments
and tests.

AB’ swritten explanation for the osmosislab on the
SWH report, aswell asin the written letter and posttest
essay question, were based solely on authoritative infor-
mation. The SWH report explanation was asfollows:

My claimisthat the processesthat allow molecul es

to passinto and out of cellsareosmosis, diffusion,

activetransport, and passive transport. According
to thetextbook and class discussions, directed and
justified by Mr. M [the teacher], diffusion (the
transport of moleculesfromhightolow concentra-
tion), osmosis (the transport of water molecules
fromahightolow concentration), activetransport

(the transport of molecules using energy), and

passivetransport (thetransport of moleculeswith-

out using energy) are the processes which allow
molecules to passinto and out of acell. (AB)

This report excerpt is clearly of a very different
nature than the reports of those students described as
firsthand observers. AB ventured to explain cell trans-
port (and, in fact, identified her driving question this
way) only through textbook definitions. Her evidence
was based on authority, “ directed and justified by Mr.
M.” Although AB’s explanation is scientifically cor-
rect, it lacks richness and detail. Her epistemology
prevented her fromusi ng authentic discourseinbiol ogy
explanation.

The Integrators

The other 2 participants in the study, MF and JV
(femaleand male, respectively, high achieving), could
be described as integrators of biology knowledge.
These students appeared to have an intuitive under-
standing of the different discourses presented in the

hands-on experimentsand authoritativetextbook infor-

mation and could negotiate between the two discourse

types seamlessly. Coding their data for sources of
knowledgerevea edthat they utilized several different
typesof epistemological sourcesinabalancedfashion.

MF's sources of knowledge included SWH report

writing, hands-on activities, full classdiscussion, text-

book reading, and supplementary readingonthelnternet.

JM’s sources of knowledge included SWH report

writing, peer group discussions, full classdiscussions,

and hands-on activities. JM described the importance
of writing the SWH report for making connections
between ideas:

R: What is there about writing that makes you

remember it longer?

Well, | think you have to make more connec-
tions when you' re writing things out such as
whenyou describe, whenyou havetofigureout
how ... what order you' regoingtowritethings
in and how you' re going to connect different
pieces. You think about the connection be-
tweendifferent thingsthat you’' velearned more
than if you’re just reading and then recording
short answers that you could look up in the
book.

Theintegrators also used awide variety of cogni-

tive mechanisms to process biology information. In

addition to hearing peer opinions, observing, and ex-
plaining, as described by the firsthand observers, MF
used hypothesizing, questioning, and synthesig/reflec-
tionfrequently, and JM used synthesi g/reflection, peer

critiquing, and seeking evidence. Both MF and IM

described how they synthesized information. For ex-

ample, MF described her process of synthesis/reflec-
tion for coming to an understanding of osmosisin the
followingexcerpt.

R: And your evidence was?

MF. My test results. | showed, | drew pictures of
what the constant was with the normal tap
water. Andthen | put two other slidesfromthe
salt water and the sugar water—those two
substances. And | drew what | saw. And then
| researched...researched on osmosis and dif-
fusion. And then we had those class discus-
sions. And that helped me, because then you
a so have this reading and where we compare
our claimsto others, that helps you.

In this excerpt, MF indicated how she negotiated
among various knowledge sources. Her personal
epistemol ogy included her own personal observations,
(“I drew what | saw,”) and then coordinating her
observations with authoritative information (MF

IM:
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preferred to usethe Internet in addition to the textbook
to conduct her research). She particularly cited the
SWH template question that asks studentsto compare
their own findings with authoritative text, (“where we
compare our claimsto others”) as being helpful to her
inbuilding her biology explanations. Sherelied onboth
her firsthand test results and class discussions. All
sources of knowledge were integrated to form her
understanding.

MF s osmosis explanation from her SWH report,
demonstrates an almost seamless integration of these
understandingsintoanauthenticexplanationthatisrich
and detailed. IM’ sexplanation was similarly sophisti-
cated. MFand JM scorehighly andwere considered by
theteacher ashigh achieving students. They may have
achieved a high status because their explanations
includeboththerichdetail of firsthand observationand
thecanonical explanationsof diffusionand osmosisthat
the teacher sought.

When asolution is added to Elodea plant cellsthe
cells shrink and chloroplasts tend to move toward
the center of the cell. The cell shrinks due to the
method of substance movement called osmosis.
Osmosisis the process of water molecule move-
ment. When acell isplaced in an environment that
has a low concentration of water molecules, the
processof osmosiscorrectsthat. Withinthecell lies
the vacuole and inside the vacuole is water. If the
concentration of water molecules within the cell
vacuoleishigher thanthecell’ souter environment,
the water molecules are released into the outer
environment. Thevacuol etakesupthemost amount
of spacewithinthecell. Thevacuolepushesthecell
wall helping it keep its shape, but when the water
within the vacuole is released, the vacuole is de-
flated. The deflation of the vacuol e causesthe cell
structure to shrink. Without the vacuole, the cell
wall isnot abletomaintainlarge, rigidformit once
had. Thus, the cell shrinks.

When we added salt-water and sugar-water
solutions to the cells they shrunk. This happened
because the salt and sugar moleculestake up alot
of space that is usualy designated for the water
molecules. With sugar and salt mol eculeshogging
up the space, there are only afew water molecules
present. The cell realizes this and since the water
concentration within the cell is greater than the
outsideenvironment, thecell goesthroughosmosis.
Thiscould aso explain the rapid movement of the
chloroplasts when we added the sugar-water solu-
tion(MF).

Conclusions and Implications

The data from this study indicate that individual
students used sources of knowledge that most closely
matched their own personal epistemologies. Three of
thestudentsrelied onhands-onlaboratory activitiesand
theaccompanying small group discussionsand writing
about those activities as their primary way of under-
standing diffusion/osmosis. Correspondingly, these 3
students relied on the cognitive mechanisms of obser-
vation, hearing peer opinions, and explaining. All 3
placed value on the actual task of writing the SWH
report (e.g., writing to learn) asit enabled them to put
their understandingsintotheir ownwords. Their written
explanations were limited to what they could observe
and induce on their own.

One student used primarily the textbook and full-
class discussion as her sources of knowledge. She
recognized the limits of firsthand observations for
delineating theory and rejected her laboratory observa-
tions as evidence of theory. She preferred to rely on
authoritativesourcesof knowledgeandexplained diffu-
sion/osmosisintermsof textbook definitions. Her most
important cognitive mechanisms were synthesis/re-
flection, but she did not extend synthesisto laboratory
observations.

Twoother studentsused almost al| availablesources
of knowledge and awide variety of cognitive mecha-
nismsto construct biology explanations. They experi-
encedlittlecognitivedissonancewhenaskedto compare
their firsthand laboratory observations with theories
given in the textbook. They readily related scientific
explanationswiththeir ownobservationstocreaterich,
detailed, correct, and authentic understandingsof diffu-
sion/osmosis.

Thesefindingsaresignificant andimply actionsfor
both thedirect modification of the SWH asaclassroom
tool and for science education, in general. The first
issue to consider is how can the value of the learning
that took placeinthisseriesof activitiesbejudged?All
6 of these students were on task and, in fact, all were
cognitively and metacognitively engaged. At least 1
student, MR, who received low scores on classroom
measures of success (e.g., the researchers and teacher
had produced thoughtful rubrics for both the SWH
report and conceptual posttests), demonstrated sophis-
ti cated scientific reasoning about claimsand evidence.
The three firsthand observers carefully considered
their laboratory findingsbut could not or did not choose
to attempt integration with thedifferent discoursestyle
of the textbook. The reader conscientiously chose not
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toattemptintegration, and her explanation depended on
textbook stylelanguage. Theintegratorsdemonstrated
the skill of negotiating between these different dis-
course styles and, therefore, were able to create the
most complete explanations. Theresultsimply that all
thestudentslearned fromtheactivitiesbut that, inorder
for all studentsto achievetheconceptual understanding
that was desired, explicit instruction on negotiating
discourses is necessary.

Assuming that science educators want children to
achievehighlevelsof understanding for both scientific
reasoning processes (nature of science) and consensu-
ally acceptable explanations of science concepts, a
series of modifications to classroom practice might
includethefollowing:

1. Including moreteaching of reading and practic-
ing meaning negotiation with the discourse of the
textbook. I nstruction couldimprovetheability of some
studentsto read and understand authoritative text and,
possibly, beopentoincorporatingitintotheir explana-
tions. This important feature of science education is
often neglected in the science classroom.

2. Explicitly teaching thedifferent discoursestyles
used in science. Peer group table talk surrounding a
hands-on investigation has a different nature than that
of afull- classdiscussion, an ora presentationin class,
a letter written to one’'s parents, or the reports and
explanations found in textbooks. Teaching students
how to recognize and “speak” in each of these dis-
courseformsmay bekey totheir ability tointegratetheir
knowledge.

3. Adjusting grading rubrics, for both student as-
sessment and research, so that success with scientific
thinking, such as the distinction between claim and
evidence, isrewarded equally with conceptual under-
standing. Rewarding both conceptual knowledge and
knowledgeof thenatureof scientificinquiry wouldgive
children a more balanced sense of their scientific
growth.

4. The SWH may be adjusted in the context of the
classroom to incorporate these changes.

Therehasbeen much recent discussion concerning
the purposes and practices of laboratory in science
education (Wellington, 1998). This study supportsthe
importance of hands-on observation in science, even
for verifying established theory. Five of the 6 students
used the laboratory as a source of understanding for
diffusion/osmosisandfor 3 of the5, it wasthe primary
source. Hands-onactivitiesareanimportant knowledge
sourcefor studentswho have difficulty negotiating the
meaning of the textbook. They also allow studentsto
create richer explanations of phenomena if they are

able to integrate authoritative information with what
they can actualy experience in lab. The reliance of
studentsonlaboratory experiencessuggeststhat teachers
should continue to teach science with laboratory, but
with moreinstruction aimed at clarifying the different
discoursesusedinscienceand hel ping childrennegotiate
these various discourses.
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Appendix

The Science Writing Heuristic: Teacher and Sudent Templates

Teacher Template

Participation inlaboratory activity.

o, wWNPE

in response to focus questions).

© N

Student Template

Beginning Ideas —What are my questions?
Tests— What did | do?

Observations— What did | see?

Claims— What can| claim?

NoghwNpE

Reflection — How have my ideas changed?

Exploration of pre-instruction understanding through individual or group concept mapping.
Pre-laboratory activities, including informal writing, making observations, brainstorming, and posing questions.

Negotiation phase |- writing personal meaningsfor laboratory activity (For example, writing journals).
Negotiation phase | 1- sharing and comparing datainterpretationsin small groups (For example, making agroup chart).
Negotiation phasell1-comparing scienceideasto textbooksor other printed resources (For example, writing group notes

Negotiation phasel V- individual reflection and writing (For example, writing areport or textbook explanation).
Exploration of post instruction understanding through concept mapping.

Evidence— How do | know?Why am | making these claims?
Reading — How do my ideas compare with other ideas?
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